We have studied the domain wall resistance in W/Ta/CoFeB/MgO heterostructures. The Ta layer thickness is varied to control the type of domain walls via changes in the interfacial Dzyaloshinskii Moriya interaction. We find a nearly constant domain wall resistance against the Ta layer thickness. Adding contributions from the anisotropic magnetoresistance, spin Hall magnetoresistance and anomalous Hall effect describe well the domain wall resistance of the thick Ta layer films. However, a discrepancy remains for the thin Ta layer films wherein chiral Néel-like domain walls are found. These results show the difficulty of studying the domain wall type from resistance measurements.
The Dzyaloshinskii−Moriya interaction (DMI) 1, 2 at the interface between a heavy metal (HM) and a ferromagnetic metal (FM) layers 3 enables stabilization of homochiral Néel domain walls (DWs) 4 . Néel DWs can be driven by current with high velocity via the spin Hall effect of the HM layer [5] [6] [7] [8] . Significant effort has been made to develop means to determine the character of the DWs, whether they form a Néel or Bloch walls, and the strength of the DMI [9] [10] [11] [12] [13] [14] . It has been demonstrated previously that the anisotropic magnetoresistance (AMR) of the FM layer can be used to identify the structure and type of DWs 15, 16 . Direct determination of the DW type using resistance measurements allows simple evaluation of the DMI, including its spatial distribution.
Local changes in the DMI at the HM/FM interface has been reported to be non-negligible 17, 18 .
Here we study DW resistance in Sub/W/Ta/CoFeB/MgO heterostructures. A thin Ta layer is inserted between the W and CoFeB layers to vary the strength of the DMI. We compare the DW resistance with calculations that includes contributions from the AMR, the spin Hall magnetoresistance (SMR) [19] [20] [21] [22] and the anomalous Hall effect (AHE). We find that such estimation agrees well with the DW resistance for the thick Ta layer films; however, a discrepancy remains for the thinner Ta layer films. Other contribution to the DW resistance, including the recently discovered chiral DW resistance 23 , may account for the discrepancy.
Despite the large SMR, these results show the difficulty of evaluating the type of DW using simple resistance measurements.
Films are grown on Si substrates using magnetron sputtering. Voltage pulses are applied to the wire to nucleate DWs. 24 .
The transport properties of the films are summarized in Figs. 1(e) and 1(f). The DMI is measured using the in-plane field dependence of the current induced anomalous
Hall loop shift 14 and the DW velocity 6, 7, 25 . For the former, 56 vs. Hz is measured under application of a DC bias current IDC. To account for the DW resistance observed, we first examine contributions from the SMR and AMR. The magnetization rotates within the zx (zy) plane across a Néel (Bloch) DW leading to a non-zero x(y) projection of the magnetization at the DW where the AMR (SMR) contribution is relevant. As shown in Fig. 1(f) , the magnitude of AMR is orders of magnitude smaller than SMR and thus we may neglect its influence on . The two solid lines in Fig. 4(b) 012 is obtained from 012 -.. by excluding current shunting into other conducting layers: the resistivity of the three conducting layers (W, Ta, CoFeB) used in the calculations are ~120, ~200 and ~160 µW cm for W, Ta and CoFeB, respectively 25 . The calculated DW resistance due to AHE is plotted by the green circles in Fig. 4(b) . due to AHE is positive and its magnitude is close to that of the experimental results. We find a relatively good agreement between the experiments and the combined contributions from the AHE and SMR for the thick Ta layer films where D is small and the DWs are Bloch-type. However, a discrepancy between the two (experiments vs. AHE and SMR) remains for the thinner Ta layer films: a negative DW resistance of the order ~10 mW is needed to account for the difference.
One well known DW resistance that may influence the measurements is the so-called intrinsic contribution due to spin accumulation at the DW 30, 31 . The intrinsic DW resistance is expected to increase as the DW width becomes smaller. As -.. increases with decreasing Ta layer thickness, the DW width, which scales with ( -.. ) k l m , becomes smaller for thinner Ta layer films.
As the intrinsic contribution is typically positive 32,33 , we infer that this effect cannot account for the difference of between the experiments and the estimation of the thinner Ta layer films.
Recently, it has been reported that a chiral DW resistance appears in system with large spin orbit coupling 23 . pointing along +z and -z, respectively (see Fig. 1(b) for the definition of the coordinate axis).
